Study Design. Level I trauma center case series. Objective. The purpose of this study was (i) to characterize the floating lateral mass (FLM) fracture with the mechanism of injury, anatomical injury pattern, associated vascular injuries, neurological deficits, and key radiographic features; and (ii) to better understand the most effective method of treatment. Summary of Background Data. An uncommon and poorly described subset of unilateral lateral mass fractures is FLM with fractures of the adjacent pedicle and lamina. Methods. Prospectively collected trauma registries were assessed to identify all patients with FLM fractures involving C3 to C7 between January 1, 2007 and December 31, 2012. Results. After institutional review board approval, 60 consecutive cases were identified from the trauma registries. The mean follow-up was 9 months (range 0-42 months). The most common level was C6. The most common mechanism of injury was a high speed motor vehicle accident (45%). Radiographic rotational displacement manifested as an anterolisthesis. CT showed facet joint widening at the level above and below in 63%. Vertebral artery injuries occurred in 22%. Neurological deficits occurred as radiculopathy in 38% and spinal cord injury in 18%. All eight patients, who were treated nonoperatively, developed subluxation despite external immobilization and six patients required surgery. Of the 58 patients treated operatively, 31(53%) patients underwent a 2 level Anterior Cervical Discectomy and Fusion (ACDF) alone. Nine (15%) patients had one level ACDF, with 83% demonstrating radiographic failure. Posterior fusion alone or combined with ACDF/corpectomy was performed in 6 patients (10%) and 7 patients (12%), respectively. Conclusion. A FLM fracture results from a high energy injury and involves two motion segments. Vertebral artery injuries and neurological deficits frequently occur. MR demonstrates a significant disc injury in 81% of patients, usually at the lower level. Two level ACDF or Posterior Spinal Instrumented Fusion are effective means of treatment.
U nilateral lateral mass fractures and fracture dislocations comprise 7% to 16% of subaxial cervical spine fractures 1, 2 and are most commonly caused by motor vehicle accidents. [3] [4] [5] [6] [7] An uncommon and poorly described subset is the ''floating'' lateral mass (FLM) fracture with fractures of the adjacent pedicle and lamina, (Figure 1 ). Historic literature has described multiple treatment options including nonoperative management, 8, 9 single level anterior cervical disc fusion 3, 10, 11 and posterior three level fusion. 12, 13 A recent study by Lee et al 14 brings the efficacy of single level ACDF into question based on a failure to maintain acceptable alignment with single level treatment.
Because of the relatively uncommon nature of the FLM fracture, a little has been written with respect to its presentation, associated injuries, or the optimal management of these injuries. The purpose of this study was (i) to characterize the FLM fracture with the mechanism of injury, anatomical injury pattern, associated vascular injuries, neurological deficits, and key radiographic features; and (ii) to better understand the most effective method of treatment.
MATERIALS AND METHODS

Data Collection
After obtaining IRB approval at two level I trauma institutions (Harborview Medical Center, Seattle, WA and Metro Health Medical Center, Cleveland, OH), the prospectively collected trauma registries were assessed to identify all patients with FLM fractures involving C3 to C7 between January 1, 2007 and December 31, 2012. This was carried out by searching through ICD-9 codes and billing records to identify this subset of patients. FLM fractures were defined as fracture patterns involving the ipsilateral lamina and pedicle at a single level.
Electronic medical records were assessed to identify patient demographics, mechanism of injury, associated spinal and skeletal injuries, vascular injuries, neurological status, treatment, and perioperative medical complications. Neurological function was evaluated using the American Spinal Injury Association Impairment Scale and Motor Index score for cases with a spinal cord injury. 15 For radicular injuries, a descriptive recording of sensory and motor changes was recorded. 16 Neurological assessment was made at the time of initial evaluation and at final follow-up evaluation. Postsurgical complications of infection, hardware failure, reoperation, neurological decline, dysphagia, nonunion, maintenance of alignment, and medical complications (pneumonia, cerebrovascular accident, myocardial infarct, deep vein thrombosis, pulmonary embolus, and death) were assessed.
Imaging
Initial radiographic work-up included a CT scan of the cervical spine in all patients. Computed tomography angiographys (CTAs) and MRI were performed in patients as part of their index work-up at the discretion of the attending spine surgeon without set institutional protocols. CT scans were obtained on all subjects at the time of admission and immediately postoperatively. Plain radiographic imaging was used for follow-up analysis of spinal alignment, instability as assessed on flexion and extension plain radiographs, and fusion status.
CT cross-sectional imaging allowed identification of fractures in the adjacent pedicle and lamina, thereby confirming the diagnosis. The degree of rotational instability was determined by evaluation of the axial alignment, segmental kyphosis, and sagittal displacement as demonstrated on CT. Initial instability was defined by White: >3.5 mm displacement, >10 o kyphosis of an adjacent segment, or a >10 o rotational difference from the adjacent segment. 17 CT angiography was used to evaluate and grade carotid and vertebral artery vascular injury, which were graded according to the Biffl criteria. 18, 19 MRI evaluation when available was used to determine disc injury, anterior and posterior longitudinal ligament injury, facet capsular injury, and cord damage. Postoperation plain radiographs were utilized to assess fusion, stability, and alignment.
Management/Treatment
All patients underwent an initial trauma evaluation with provisional collar stabilization and consultation with the orthopedic spine service or neurosurgical spine service. Patient treatment was at the discretion of the fellowshiptrained, attending spine surgeon, all of whom had substantial experience in the management of spine trauma at level I trauma centers. Neither institution has a set protocol to determine management of these fractures. Choice of nonoperative versus operative management with selection of single or two level ACDF with or without posterior fusion or posterior fusion alone was at the discretion of the treating surgeon. Anterior fixation consisted of locked plate constructs and posterior instrumentation consisted of lateral mass screws from C3-C6 and pedicle screws at C2 and C7. Postoperative bracing was used routinely for 6 to 12 weeks.
Statistical Analysis
Descriptive statistical analysis was performed with SPSS version 21 (SPSS, IBM 2012).
RESULTS
Demographics and Presentation
After institutional review board approval, 60 consecutive cases (41 from XXX Medical Center and 19 from XXXX University) were identified from 1426 subaxial cervical (C3-C7) fractures. Table 1 summarizes the baseline demographical and clinical data. Mean age was 36 years (range, 16-69 yrs) with 45 males and 15 females. The mean followup was 9 months (range, 1-42 months). The most common level of injury was C6 (45%). The most common mechanism of injury was a motor vehicle accident (MVA) (58%). Associated injuries consisted of closed head injuries in 18 (30%), visceral organ injuries in 14 (23%), and additional spine and appendicular fractures occured in 24 (40%) and 22 (37%), respectively.
Neurologic Findings
Twenty-four patients (40%) had no neurological deficits. Twenty-three (38%) presented with radicular symptoms 
Radiographic Findings
All 60 patients had baseline CT scans. Facet joint widening was seen at the level above and below in 37 patients (62%) (Figure 2 ), below in 10 patients (17%), and above in seven patients (12%). A nondisplaced pattern in supine films occurred in 16 patients (27%). Of the remaining 44 patients (73%), rotational anterolisthesis occurred at the level below in 35 patients (58%), at the level above in six patients (10%), and at both the level above and below in three patients (5%). Segmental kyphosis averaged 4.88 þ /-8.28 and segmental rotation averaged 5.28 þ /-2.58. Table 2 summaries the CT radiographic injury patterns.
MR imaging was obtained in individuals with neurological deficits or whose neurological status could not be initially assessed clinically and was available in 31 of the 60 patients. MRI demonstrated injury to the lower disc level in 23 patients (74%) (Figure 3 ) and to the level above in three patients (10%). A herniated disc was present in 32%. The ligaments demonstrated an injury to the PLC in 28 patients (90%), to the PLL in 16 patients (52%), and to the anterior longitudinal ligament in 17 patients (55%). MRI data is summarized in Table 3 .
Vascular Injuries
Fifty-eight of the 60 patients underwent a CT angiogram to assess vascular injury which was identified in 13 of the 58 patients (22%). Of these four had a Biffl 1 injury, two had a Biffl 2 injury, one had a Biffl 3 injury, and six had a Biffl 4 injury. In no patient was there a clinically apparent stroke. Each of the patients with an identified injury was monitored with three days of transcranial dopplers to assess for emboli and were managed, per hospital protocol as specified by the neurovascular team, with either Aspirin or subcutaneous heparin for six weeks to six months. No patient underwent any further intervention as a result of the vascular injury nor was the surgical plan altered in any case.
Management
Initial definitive treatment was chosen as external immobilization in eight patients (13%). Six were treated in a Miami-J collar and two were treated in a Halo vest. All patients, who were treated nonoperatively developed subluxation of greater than 3 mm in less than 3 weeks despite external immobilization and 6 undergoing surgical management ( Figure 4 ). Only two patients completed 12 weeks of immobilization with one having 2.4 mm of subluxation at the level above and 3.1 mm of subluxation below at final follow-up at 12 months. The second developed 3 mm of subluxation at the lower level only.
Operative treatment was performed in 58 patients, 52 initial patients and 6patients crossing over from the conservative group. A single level ACDF was performed in nine (15%) patients. Six of the nine patients were followed at a Figure 3 . Sagittal T2 MRI demonstrating the most common finding with obvious injury to the lower disc level (C4-C5) and no obvious injury to the upper disc level. Also visible is the anterior swelling and disruption of the anterior longitudinal ligament (ALL). This finding occurred in 74% of the cases in our series in which an MRI was done. minimum of six months, and five (83%) developed 3 mm of subluxation at the level above the fusion. The subluxation was noticed on the first upright film in two patients and both underwent a staged posterior fusion. The remaining developed subluxation over the initial 6 months of follow up but did not undergo any further operative management. A 2-level ACDF/corpectomy alone was performed in 36 (60%) patients. None of these patients developed any evidence of hardware failure or adjacent level subluxation. Posterior fusion alone across three vertebral levels or in combination with an anterior procedure was performed in six (10%) and seven (12%) patients, respectively. Posterior fusions were typically performed to address multiple fracture sites or to allow decompression when there was neurological deficits in the setting of compression from the lamina fracture ( Figure 5 ). No patient developed evidence of subluxation above or below the level of injury. A summary of operative time and blood loss are in Table 4 .
Complications
No postoperative neurological deficits occurred after operative treatment. One postoperative infection occurred in the posterior wound of a combined anterior/posterior fusion.
Two non-unions occurred in patients followed for more than 6 months (one 2-level ACDF, one posterior only). Temporary dysphagia occurred in nine of the 48(18%) patients undergoing an anterior procedure. Postoperative pneumonia developed in five patients and one patient developed a myocardial infarct. There were no cerebral vascular injuries, urinary tract infections, or deaths in this group of 60 patients.
DISCUSSION
There is recent scientific study that focuses on fractures involving ipsilateral fractures of the lamina and pedicle in the cervical spine or what we refer to as ''FLM fractures.'' Current, understanding of this injury comes from small subsets of patients from larger series looking at more diverse lateral mass fractures 2, 3, [9] [10] [11] 14 or as small case series. 12, 13, 20 The goal of our study was to focus on FLM fractures, as opposed to ''lumping'' them with other unilateral facet fractures, to better understand the findings associated with this unique pattern of injury and to better understand the outcomes of different treatment modalities. FLM fractures are not injuries found in the elderly with ground-level falls but rather high energy mechanisms found in the younger to middle-aged groups. Motor vehicle related trauma was the most common cause of injury (65%), yet all other mechanisms that created this injury would also be considered high mechanism injuries including falls from significant heights, sports injuries, and plane crashes. Given the mechanism, it is not surprising to see the high rate of associated injuries including closed head injuries, visceral injuries, and additional fractures of the spine and the appendicular skeleton. Vertebral artery injuries occurred in almost a quarter of patients and neurological deficits in 60% of patients. Given the location of the fracture and the impact on the vertebral artery foramen, it may be helpful to obtain a CTA or other vascular assessment to ensure that an injury has not occurred. If an injury has occurred, this may merit further additional studies such as transcranial dopplers and chemical prophylaxis to try to prevent a cerebral vascular injury. Radiculopathy was the most common neurological deficit as is also the case with other facet fractures. This is not too unexpected given the location of the fracture and the proximity of the nerve root exiting at the site of the fracture. There is a higher rate of cord injuries as well, occurring in 18% of the patients in this study. A careful secondary survey must be obtained on each of these patients to prevent missed injuries.
The radiographic hallmark is the ''horizontalization'' of the lateral mass best seen on the parasagittal view of the CT scan with the subluxation and opening of the facet joint above and below the level of injury as occurred in 63% of patients. Careful study will also reveal subluxation and rotational listhesis in about 73% of cases. MR demonstrates a significant disc injury in 81% of patients, with the lower level involved about three-quarters of cases. Typically the lower level is thought to be the more significant yet the proximal level cannot be overlooked. As our study and prior studies 9,14 demonstrate, the lower level is frequently the level treated operatively yet this can lead to ''undermanagement'' of the injury resulting in continued subluxation and translation of the more proximal segment.
Nonoperative management in eight patients with nondisplaced fractures had a 75% failure rate radiographically. Each of these patients continued to subluxate on upright radiographs and developed instability as classified by White and Panjabi. 21, 22 In our series, six of the eight patients (75%) failed nonoperative management and went on to be managed surgically. Arguably, the other two patients should have undergone surgical management as well based on radiographic parameters for instability. In assessing more nonspecific studies of isolated unilateral lateral mass fractures, nonoperative management has yielded relatively high failure rates (50 -64%) in maintaining anatomic alignment. 1, 8 Looking specifically at floating lateral mass fractures, with a higher energy mechanism, it is no surprise that this group of fractures would have a higher failure rate with conservative care.
Single level fusion that only addresses one of the two injury levels demonstrated radiographic failure in five of the six patients followed beyond 6 months. This was not a successful option. This study corroborates the findings of Lee and Sung 14 in their new classification for unilateral lateral mass-facet fractures in which they described five patients with ''separation'' fractures out of a series of 39. All patients were treated with a single level ACDF. Lee categorized four of the patients as having a poor outcome with development of subluxation and malalignment during follow up. They recommended the treatment of the two injured levels based on their failures. We agree with Lee that a single level ACDF does not seem to address the complete pathology. Single level ACDF has been suggested as the treatment of choice when looked at as part of a larger series of unilateral facet injuries, 2, 3, 10, 11 still this subtype falls outside the parameters of typical unilateral injury and therefore should not be lumped with other facet fractures. The small subsets of lateral mass separation fractures seen in the large unilateral mass fracture series 2 -4,9 -11 document treatment performed, but fail to fully describe the outcomes of the treatment provided. Of equal significance, these authors recommend single level ACDF but fail to separate the floating lateral mass fractures from the larger group. 2, 10, 11 The most common treatment utilized consisted of a two level ACDF which was done in 33 of our 60 patients (57%). Other patients, for various reasons, underwent either a posterior fusion alone [six of 60 patients (10%)] or a combined approach [seven of 60 patients (12%)]. Ultimately, 46 of the 60 patients (77%) had a two level fusion addressing both injury. Although two nonunions did occur; none went on to radiographic failure and all were restored to, and maintained, physiologic alignment. Our management of this injury is slightly different from that advocated by Levine et al 12 who recommended posterior three level fusions in two small case series of the same population. Levine et al 12 described the performance of posterior lateral mass plating in 24 patients with six patients having postsurgical neurological worsening and four patients with loss of fixation. We had no neurological deterioration and no fixation failures. We believe that most of these injuries can be managed with a two level ACDF yet each one must be interpreted individually. Regardless, addressing both levels of injury is important and seems to lead to a more successful radiographic outcome.
This study is limited by the nature of a retrospective case series. The two institutions provide trauma care to a population that spans over five states and many of our patients from out-of-state choose follow up care locally that limited longer-term follow-up in this retrospective study. Secondly, there was no set protocol which led to different treatment options and with the limited numbers, this limited statistical evaluation comparing outcomes. Thirdly, the lack of longerterm follow-up limited more significant clinical follow-up with Oswestry Disability Index, Short Form-36 and various other clinical outcome measures.
CONCLUSION
Despite the shortcomings of this retrospective study, certain conclusions can be made. This is a high injury mechanism that leads to a high rate of associated other injuries and vertebral artery injuries and neurological injuries. Certain radiographic findings are frequently observed on CT and MRI including rotational subluxation, ''horizontalization'' of the facet, and disc injury. Our study supports the fact that a floating lateral mass injury is a two level injury and both levels ought to be addressed operatively to allow for optimal maintenance of physiological alignment. In our series, a two level ACDF or posterior fusion of spanning both levels was sufficient for stabilization of the injury.
Key Points
A FLM fracture requires a high injury mechanism that leads to a high rate of associated other injuries, which include vertebral artery injuries and neurological injuries. Frequently observed radiographic findings on CT a n d M R I w er e r o t a t io n a l s u b l u x a t io n , ''horizontalization'' of the facet, and disc injury. The floating lateral mass injury is a two level injury and both levels ought to be addressed operatively to allow for optimal maintenance of physiological alignment. In our series, a two level ACDF or posterior fusion of spanning both levels was sufficient for stabilization of the injury.
